Yersinia pestis is the causative agent of human plague (5, 7), whereas enteropathogenic Yersinia pseudotuberculosis and Yersinia enterocolitica are the causative agents of mesenteric lymphadenitis and gastroenteritis, respectively (6) . The pathogenicity of Yersinia is dependent on the presence of a virulence plasmid, pCD in Y. pestis or pYV in enteropathogenic species, that encodes a type III secretion apparatus and antihost effector proteins, termed Yersinia outer proteins (Yops) (6, 9, 24) . Upon host cell contact, the effectors are injected by the type III secretion apparatus into the host cytoplasm of target cells, where they inhibit phagocytosis and engage in anti-inflammatory activities (6, 8, 10, 15, 42, 49) . The secretion of Yops is normally under strict regulatory control by the low-calcium response, whereby Yop secretion maximally occurs under conditions of low calcium (Ca 2ϩ ) and high temperature (37°C) in vitro (12, 45) .
Alteration of DNA adenine methylase (Dam) activity has been shown to attenuate the virulence of several pathogens and confer protective immune responses in vaccinated animals (13, 17, 18, 26) . The molecular basis of virulence attenuation and protection conferred in Dam mutant strains appears to involve ectopic gene expression and the resultant elaboration of an expanded repertoire of antigens. In Y. pseudotuberculosis, Dam overproduction has been shown to attenuate virulence, confer protective immune responses, cause the secretion of several Yops under conditions that are nonpermissive for secretion in wild-type strains, and alter host immune responses to Yersinia antigens (22, 23) . One of the low-calcium-responsive Yersinia antigens whose synthesis is affected by Dam overproduction is YopE, a 23-kDa actin cytotoxin involved in antiphagocytosis that is secreted under low-calcium conditions (1, 3, 48) . Dam overproduction relaxed the high-temperature and low-calcium dependence of YopE synthesis and relaxed the high-temperature but not the low-calcium dependence of YopE secretion (22, 23) . Such patterns of altered expression and secretion may contribute to the attenuated virulence and robust immunity observed in vaccinated animals.
Dam overproduction in Yersinia relaxes the temperature and calcium dependence of LcrV synthesis. Here we examined the effect of Dam overproduction on the synthesis, localization, and secretion of LcrV, a low-calcium-responsive Yersinia virulence protein involved in Yop expression (30) , Yop translocation (38) , and the suppression of host inflammatory activities (6, 33, 43) . LcrV is also a principal Yersinia immunogen, as robust levels of protection are conferred when LcrV is delivered as a subunit vaccine (7, 25, 32) ; additionally, administration of antibodies directed against LcrV epitopes confers passive immunity (reviewed in reference 6). (18) . Briefly, a PCR-based strategy was implemented such that 879 bp (293 codons) within lcrV were removed (bp 28 to 906 out of a total of 981 bp); the native lcrV reading frame was confirmed to be intact by DNA sequencing. The deletion strain (MT2394) showed no LcrV expression as assessed by Western analysis utilizing anti-LcrV antibodies (data not shown). This LcrV null mutant was used to discern whether Dam overproduction enabled Yersinia to override the strict LcrV dependence of Yop production and translocation (38) .
Although the lack of LcrV resulted in a considerable reduction in YopE synthesis and localization to extracytosolic fractions in Dam OP Yersinia, significantly more was observed under permissive conditions compared to Dam ϩ Yersinia ( Fig. 2A and B). Further, when grown under nonpermissive conditions, the absence of LcrV did not abrogate the Dam OP -mediated ectopic synthesis and localization of YopE (Fig. 2B) . Taken together, these data suggest that the ectopic Yop synthesis and localization observed in Dam OP cells (22, 23) can occur via LcrV-dependent and -independent mechanisms.
The protection conferred by DamOP Yersinia is dependent on the presence of the LcrV antigen. LcrV is a principal Yersinia immunogen as potent levels of immunity to Yersinia infection are conferred when LcrV is delivered as a subunit vaccine (7, 32 (12) were prepared from wild-type (WT) and Dam-overproducing (OP) Y. pseudotuberculosis grown under the indicated conditions according to methods described previously (12, 44, 45) . For each growth condition, total protein extracts corresponding to 2.0 ϫ 10 6 cells (ϳ20 g of protein/well) were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to a polyvinylidene difluoride membrane (Pierce), and probed with mouse anti-LcrV monoclonal antibodies (1:4,000 dilution). Peroxidase-conjugated sheep anti-mouse immunoglobulin G (1:40,000 dilution; Amersham Biosciences), was used as the secondary antibody, and hybridization was detected by chemiluminescence using Supersignal West Femto Maximum Sensitivity Substrate (Pierce) followed by a 2-min exposure to film. Inspection of corresponding Coomassie-stained gels showed similar band intensities of nonregulated proteins under all conditions tested (data not shown). Western analysis of lcrV ϩ and lcrV Ϫ strains confirmed that the 37-kDa protein was LcrV (data not shown). (20, 26, 47) , which encodes adherence factors (pili) that are essential for virulence in monkey and mouse models of pyelonephritis (35, 41) . Dam target sites in the pap promoter are protected from methylation by the binding of regulatory proteins at or near these sites, forming specific DNA methylation patterns analogous to those exhibited in eukaryotes (4, 14, 19, 40, 46) . These DNA methylation patterns regulate gene expression by modulating the binding of regulatory proteins to Dam target sites. One possible outcome of Dam dysregulation is the production of an expanded repertoire of antigens that contribute to the potent state of immunity observed in vaccinated animals. Additionally, the low-grade persistence of dam mutant vaccines in appropriate lymphoid tissues (e.g., Peyer's patches) in Salmonella spp. (13, 18) and in Yersinia (22) may provide a stable source of antigens in sufficient quantity and duration for the transition to the development of potent adaptive immune responses (11, 26) . This suggestion is supported by work with Salmonella wherein the loss of Dam function results in a number of changes in the bacterial physiology. dam Ϫ mutants appear to express in vitro a number of genes that are normally only produced in vivo during the initiation and progression of bacterial infection (17, 18, 27) ; additionally, both bacteriaassociated and -secreted proteins are affected by the loss of Dam regulation (13, 17, 39) .
Similarly, in Yersinia, Dam overproduction altered the expression of LcrV (Fig. 1 ) and the expression and/or secretion of YopE ( Fig. 2A) as well as several other low-calcium-responsive Yersinia virulence proteins (22, 23) . Additionally, since LcrV normally functions by suppressing inflammatory cytokines during infection, altered expression or localization of LcrV and/or Yops may contribute to the elicitation of protective responses by immunogen repertoire expansion and/or by altering pathogen-mediated modulation of host inflammatory activities (6, 21, 33, 34, 43) . (12, 44, 45) , total protein extracts corresponding to 2.0 ϫ 10 6 cells (ϳ20 g of protein/well) were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to a polyvinylidene difluoride membrane (Pierce), and probed with rabbit anti-YopE polyclonal antibodies (1:50,000 dilution). Peroxidase-conjugated donkey anti-rabbit immunoglobulin G was used as the secondary antibody (1:20,000 dilution; Amersham Biosciences), and hybridization was detected by chemiluminescence using Supersignal West Femto Maximum Sensitivity Substrate (Pierce) followed by a 30-s (A) or 2-min (B) exposure to film. Inspection of corresponding Coomassie-stained gels showed similar band intensities of nonregulated proteins under all conditions tested (data not shown). Western analysis of yopE ϩ and yopE Ϫ strains confirmed that the 23-kDa protein was YopE (23). 
